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Introduction
There is a problem with diagnostics of dense plasma (so− −called Thomson diagnostics). For this purpose plasma is illuminated by series of high energy laser pulses. The energy of each separate pulse is as large as 3 J, so it is impossible to generate a burst of such pulses by a single laser. In such situation, the pulses are generated by several independent lasers operating sequentially, and these pulses are to be directed along the same optical path. To form such optical path with l = 1.064 μm one needs Special Liquid Crystal Cell (LCC) which should satisfy minimum two basic technical requirements:
-absolute value of the energy of laser pulse through LCC should be not smaller than 3 J for a train duration of 10 s of laser pulses with l = 1.064 μm, pulse duration of 10 ns FWHM and pulse repetition rate of 100 pps, -switching on time t ON of LCC should be between 1 and 3 μs.
One knows that: LCCs operated in "positive TN mode" with rubbed Ny− lon (NL) 6/6 alignment layers and transparent Porous In− dium Tin Oxide (P−ITO) electrodes (with n~1.54 and sheet resistance r~1500 W/c) obtained by special depo− sition, Laser Damage Resistance is LDR~0.4 J/cm 2 for l = 1.064 μm in nanosecond range duration [2, 3] . Taking the above into account the special refractive index matched twisted LCC was prepared by using of porous Indium Tin Oxide (P−ITO) and Nylon 6/6 polyamide (NL) orienting layers. LCC with (large area) cross section bigger than 15 cm 2 (expanded in order to decrease the laser energy density to the levels lower than LDR) should tolerate 3 J throughputs. The layout of such special refractive index matched twisted liquid crystal cell (further called LCNP3) with its main dimensions is given in Fig. 1 .
According to our experiences [1] [2] [3] [4] [5] [6] the LCNP3 cell exhibiting both high transmission T > 97% and short swit− ching on time t ON < 3 μs was created by using a passive TN mode working at the first interference maximum. The LCNP3 cell with a clean aperture of 20 cm 2 was developed and manufactured under cooperation between Military Uni− versity of Technology (MUT), Poland and Vavilov State Optical Institute (VSOI), Russia.
LCM3 (liquid crystal mixture) for LCNP3 (liquid crystal cell)
One knows that, the switching on time t ON of any TN cell may be decreased by a lowering of both: the rotational vis− cosity g and the cell gap d of TN cell. Moreover, it can be supported by an optimized balance of the reduced elastic constant K TN and the high dielectric anisotropy De [4, 7] . LCMs [8] [9] [10] developed at the MUT, containing isothiocya− nato tolane and isothiocyanato terphenyl liquid crystals, are distinguished by relatively high optical anisotropies. LCM (described in [2, 4] ) among the others consisted of fluoro− substituted alkyltolane and alkylphenyltolane isothiocyana− tes. A subsequent working mixture LCM3 in general com− prised nearly the same components as LCM does. To decre− ase (in comparison to LCM) the rotational viscosity g of a new LCM3 (designed especially for the LCNP3) and si− multaneously to increase its dielectric anisotropy De one makes the alkyl chains shorter in all components of the mix− ture and reduces numbers of fluorine atoms in fluorosub− stituted components. As the result a new LCM3 for a d = 2.6 μm thick LCNP3 cell working in the first TN inter− ference maximum at l = 1.064 μm was formulated (dDn = 0.36 × 2.6 = 0.94 » 0.92 = l 3 2 / ). The temperature range of nematic phase of LCM3 is broad and covers the range from -20°C to +125°C.
The dielectric study on LCM3 was performed by using a LF Impedance Analyser HP 4192A at subsequent frequen− cies: 1 kHz, 10 kHz, 100 kHz and 1 MHz. For the measure− ments HG (HomoGeneous) and HT (HomeoTropic) mea− suring cells with gold electrodes and a thickness of 5 μm were utilized [11] [12] [13] . The temperature characteristics of real and imaginary parts perpendicular e^(T) and parallel e || (T) components of the permittivity tensors e of LCM were measured at the nematic phase and the value of e I (T) was measured at the isotropic state. Upon the study the tempera− ture was stabilised with the precision better than 0.1 K. The temperature characteristics of real parts of e^(T) AND e || (T) for LCM3 are shown in Fig. 2 .
The study of the refractive indices of LCM3 were per− formed by combined methods, by using of an appropriately prepared Abbe refractometer (at wavelengths l of 0.5007, 0.5400, 0.5893, 0.6328, 0.6563 and 0.6731 μm) and inter− ference wedges and by being supported by interference methods in Visible (Vis) and near InfraRed (IR) regions [14, 15] .
Measurements of the elastic constants of K 11 (splay), K 22 (twist) and K 33 (bend), as well the reduced elastic con− stant K TN from the twisted TN to the homeotropic HT configuration) were done by determining critical magnitudes of electric (E C ) and magnetic (H 2 ) fields for different types of Frederiks transitions for proper HG and TN cells [16, 17] (See Fig. 5 ).
Investigations of absorptions of the aligned LCM3 in a LCNP3 cell show that the absorption of LCM3 is the minor one. The absorption A (A < 5%/55 μm) of a 2.6 μm layer of LCM3 placed between two Quartz Pates (QP) was practically an unmeasured one.
The LDR [18] of a LCNP3 filled with a LCM3 slab aligned by rubbed Nylon 6/6 film, placed between quartz substrates with a cell gap of 2.6 μm was tested under an action of a train of laser pulses (at wavelength l = 1.064 μm, pulse duration of 10 ns, pulse repetition of 100 pps, train duration of 10 s). The LDR was estimated as high as 10.5 J/cm 2 . The presence of laser damage was recorded visually.
The main material parameters of LCM3 in LCNP3 are collected in Table 1 .
Refractive index matched twisted LCNP3 cell
To reduce absorptions of glass substrates fused silica win− dows of a JGS3−type (further called Quartz Plates -QP) were used [19] . Substrates size was 55 × 55 × 1.5 mm and the refractive index of the JGS3 quartz was estimated as n~1.46 at l = 1.064 μm. The LDR of QP (at l = 1.064 μm, 10 ns) was not smaller than 50 J/cm 2 .
To minimize light scattering and diffusion at boundary surfaces of QP both sides of QP were mechanically polished for a high optical quality. After this treatment a Stretch−Dig radio of QP was better than 20/10, the flatness was better than l/8 at 633 nm and the wedge−shaped character of QP was smaller than 5².
To lower optical losses caused by conductive electrodes and Fresnel reflective losses caused by interfaces between electrodes and QP substrates, the QP substrates were cov− ered by index matched Porous ITO (P−ITO) layers of thick− ness of about 80 nm deposited by vacuum deposition tech− nique. The sheet resistance of porous ITO (P−ITO) layers was r~1800 W/c and the refractive index was n~1.50 [2, 10, 20] . In order to electrically isolate a transparent P−ITO elec− trode from LCM3 (characterized by n o = 1.54 at l = 1.064 μm) a dielectric blocking film (BF) was evaporated on a P−ITO layer. Since BF consists of a two thin layers of SiO 2 (d = l/2, n~360 nm, n~1.46), and what is more, the refractive indices n of P−ITO and BF, as well n o of LCM3 are nearly the same, BF causes that Fresnel reflections do not appear at the interface between P−ITO (n~1.50) and BF (n~1.46) and then at the next interface between BF (n ~1.46) and LCM (n o = 1.54).
To minimize the relatively high reflections on the exter− nal surfaces of LCNP3, the outside of QP (with P−ITO and BF layers on the other side) was armed with standard (bilayer: Al 2 O 3 -MgF 3 ), vacuum deposited (Anti Reflecting) AR layers (aimed at l = 1.064 μm).
The optical transmission T QP of a bare QP substrate (without any layers) and transmission T LA of QP substrate covered with all functional layers (AR, P−ITO, BF and NL) are shown in Fig. 6 .
Taking the above into consideration, the refractive index matched liquid crystal cell LCNP3 with high T and short t ON was constructed as a multilayer structure. The sche− matic cross−section of LCNP3 is shown in Fig. 7 .
Two QPs covered with AR, P−ITO, BF and PN layers followed by TN rubbing were sealed by the standard LCD technology. Empty LCNP3 cells were filled with the LCM3 prepared specially for this purpose at the IAP of the MUT. After the filling process, the LCNP3 cells were air tight sealed by special optical adhesive delivered by VSOI [2, 4] .
The optical transmission T of a 2.6 LCNP3 cell filled with LCM3 is shown in Fig. 8a . One notices that the curve describing the stripe of the first interference maxi− mum crated in twisted LCNP3 cell placed between crossed polarizers is a smooth one (without any local inter− ference stripes, as one can see in the case of the second maximum). Both smooth character and high transmission (T = 97.3% at l = 1.064 μm) of the first maximum stripe are the evidences that an LCNP3 cell can be regarded as a really refractive index matched twisted one for l = 1.064 μm.
The results of switching on time (t ON ) measured in a 2.6 LCNP1 cell filled with LCM3 at 25°C are presented in Table 2 . The results show that switching on time t ON smaller than 3 μs in a 2.6 LCNP3 cell filled with LCM3 (Dn = 0.37 for l = 1.064 μm) can be obtained under 200 V pulses. Since the LCNP3 cell is armed with a bilayer SiO 2 BF, the LCNP3 cell works at driving voltages U up to U = 300 V. In this case the switching on time t ON can be much smaller than 2 μs.
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Conclusions
The laser damage resistance of two LCNP3 cells estimated at the laboratory of MUT. The LCNP3 cells were subjected to the action of a train of laser pulses (l = 1.064 μm, pulse duration of 10 ns, pulse repetition rate of 100 pps, train du− ration of 10 s, diameter of laser spot on the LCNP3 cell of 3 mm). The presence of laser damage was recorded visually. If no damage was recorded at a given value of pulse energy, the pulse energy was increased gradually, until the appear− ance of a laser breakdown on the surface of a LCNP3 cell.
The above results show that the safe level of laser dama− ge resistance of a LCNP3 cell is not higher than LDR = 0.42 J/cm 2 . In this situation, the LCNP3 cell with a clear aperture of 20 cm 2 can easily tolerate 3 J throughputs.
The results of our investigation show that it is possible to make liquid crystal cells which can be very helpful with plasma diagnostics.
